Industry recognizes that there are very small organizations that develop parts which contain software components. These organizations, those with up to 25 people, are very important to the world-wide economy, and the parts they develop are often integrated into products made by larger enterprises. Failure to deliver a quality product on time and within budget threatens the competitiveness of both organizations. One way to mitigate these risks is for all the suppliers in a product chain put in place proven engineering practices. Many international standards have been developed to capture such proven engineering practices. However, these standards were not written for very small development organizations and are consequently difficult to apply in such settings. An ISO Working Group has been established to address these difficulties. The working group developed standards and technical reports, ISO/IEC 29110, which were published in 2011 for organizations developing software. In 2009 an INCOSE working group was established to evaluate the possibility of developing a standard, using the ISO/IEC 29110 standard as a baseline and the ISO/IEC 15288 as the framework, for organizations developing systems. At the 2011 INCOSE International Workshop, a group of systems engineers reviewed the ISO/IEC 29110 software standard and proposed modifications to meet their needs. One constraint was to develop a document which will allow an organization developing systems with software components to be able to use the actual set of ISO/IEC 29110 standards as well as the proposed systems engineering standards. The future systems engineering standard is targeted at VSEs which do not have experience or expertise in tailoring ISO/IEC 15288. A draft document has been developed and reviewed. Recently, an ISO working group has been mandated to develop the ISO standard for very small organizations developing systems. The INCOSE Systems Engineering Handbook is used as the main reference for the development of a set of systems engineering deployment packages. A deployment package is a set of artefacts developed to facilitate the implementation of a set of practices of a standard in a very small organization. 
Introduction
Today, the ability of organizations to compete, adapt, and survive depends increasingly on software. In 2010 a cellular phone contained 20 million lines of code and some cars had up to 100 million lines of code (Charette 2005) . Manufacturers depend increasingly on the components produced by their suppliers. A manufacturing chain of large mass-market products often has a pyramidal structure, as illustrated in Figure 1 . For example, a large mass product manufacturer recently integrated into one of its products a part with an unknown software error that was produced by one of its 6,000 lower-level producers. This defective part resulted in a loss of over $200 million by the mass product manufacturer. Industry recognizes the value of VSEs (Very Small Entities), i.e. an entity (enterprise, organization, department or project) having up to 25 people, in contributing valuable products and services. In Europe, for instance, 85% of the Information Technology (IT) sector's companies have 1 to 10 employees. In Canada, a recent survey of the Montreal area revealed, as illustrated in Table 1 , that 78% of software development enterprises have fewer than 25 employees and 50% have fewer than 10 employees (Laporte 2005) . In Brazil, small IT companies represent about 70% of the total number of companies (Anaclecto 2004).
Table 1. Size of software development organizations in the Montréal area (translated from Gauthier 2004)
There is a need to help these VSEs understand the benefit of the concepts, processes, and practices described in international engineering standards, and initiate their use.
This paper describes a new project formed to facilitate access to, and utilization of, ISO/IEC JTC1/SC7 systems and software engineering standards by VSEs with up to 25 people. This paper is divided into 5 sections. • a brief history of the events that led to the establishment of an ISO Working Group, WG24, dedicated to Very Small Entities (VSEs); • a description of the results of a world-wide survey of VSEs conducted by WG24;
• a description of the approach and processes used by WG24 to produce a set of standards and technical reports for VSEs; • a description of the proposed systems engineering standard for VSEs developing systems, • the direction of future work of WG24.
Brief history leading to an ISO Working Group for VSEs developing software
At the 2004 SC7 Plenary meeting in Australia, Canada raised the issue of small enterprises requiring standards adapted to their size and maturity level. At that time, most software engineering standards were developed by large organizations and targeted (or were perceived as targeting) large organizations. A meeting of interested parties was organized and a consensus was reached on general objectives for a future working group WG. In 2005, a resolution was approved to distribute for ballot the New Work Item (NWI) Proposal for the development of Software Life Cycle Profiles and Guidelines for Use in VSEs. Twelve countries voted in favour of the NWI Proposal (ISO 2005) . As a result of this vote, the project was approved and the new working group, WG24, was established. The mandate of WG24 was, using as the main reference ISO/IEC/IEEE 12207 standard (ISO 2008b) , the standardization of processes, supporting tools, and supporting technologies for the engineering of software products and systems. A detailed description of its history is available in (Laporte 2006 , Laporte 2008 ).
The Survey of VSEs developing software
A survey was developed by WG24 to question VSEs developing software about their use of ISO/SC7 standards, as well as to collect data to identify problems and potential solutions to help them apply the standards. The intent was to help VSEs become more accurate and comprehensive in developing their products. From the very beginning, the working group drew up several working hypotheses regarding VSEs. This survey was intended to determine which of these hypotheses were applicable, for example:
• The VSE context requires light and well-focused life cycle profiles.
• Particular business contexts require particular profiles.
• There are significant differences, in terms of available resources and infrastructure, between a VSE employing 1 to 10 people and an Information Technology (IT) department of the same size in a larger company.
• VSEs are limited in terms of both time and resources, which leads to a lack of understanding of how to use the standards for their benefit.
• Benefits for VSEs may include recognition through assessment or audit by an accredited body.
The survey questionnaire and an introductory text were developed by WG24 and translated into 9 languages: English, French, German, Korean, Portuguese, Thai, Turkish, Russian, and Spanish. The survey is made up of 20 questions structured in 5 parts: General information; Information about standards utilization in VSEs; Information about implementation and assessment problems in VSEs; Information about VSE needs; and Information about justification for compliance to standard(s).
The most obvious feature of the respondent sample, as illustrated in Table 2 , is the geographical distribution of the respondents. We collected from 31 countries a high number of responses from Latin America (46%), mainly from Colombia and Brazil. 
Country

Number of Responses
Country
Number of Responses
Use of Standards
An interesting finding of the survey is the difference in the percentage of certified companies with regard to company size: less than 18% of the VSEs are certified, while 53% of larger companies (more than 25 employees) claim to be certified. Furthermore, among the 18% not certified, 75% do not use standards.
WG24 anticipated the weak use of standards by VSEs by asking questions designed to provide a better understanding of the reasons for this. There are three main ones, as shown in Figure 2 . The first is a lack of resources (28%); the second is that standards are not required (24%); and the third derives from the nature of the standards themselves: 15% of the respondents consider that the standards are difficult and bureaucratic, and do not provide adequate guidance for use in a small business environment. For a large majority (74%) of VSEs, it is very important to be evaluated or certified against a standard. ISO certification is requested by 40% of them. Of the 28% requesting official market recognition, only 4% are interested in a national certification. From the VSE perspective, some benefits provided by certification are:
• increased competitiveness,
• greater customer confidence and satisfaction,
• greater software product quality,
• increased sponsorship for process improvement,
• facilitation of marketing (e.g. a better image), • higher potential for export.
However, VSEs are expressing the need for assistance in adopting and implementing standards. Over 62% would like more guidance with examples, and 55% are asking for lightweight and easy-to-understand standards, complete with templates. Finally, the respondents have indicated that it has to be possible to implement standards with minimum cost, time, and resources. All data about VSEs and standards clearly confirm WG24's hypothesis and the requirements. Therefore, WG24 is using this information for the development of profiles, guides, and templates to meet VSE needs.
The WG 24 approach to the development of International Standards for VSEs developing software
The approach used by WG24 had to take into account, as a starting point, the ISO requirements in terms of the definition of a standard. Indeed, since an international standard dedicated to the system life cycle was already available (i.e. ISO 12207) (ISO 2008a), WG24 used the concept of ISO profiles (Standardized Profile, SP) to develop the new software (SW) standard for VSEs. Formally, a profile is defined as "A set of one or more base standards and/or SPs, and, where applicable, the identification of chosen classes, conforming subsets, options and parameters of those base standards, or SPs necessary to accomplish a particular function" (ISO 1998) . From a practical point of view, a profile is a kind of matrix which identifies precisely all elements that are taken from existing standards from those that are not. This prevents the new standard from copying the content of existing standards, but allows to the highlighting of some clauses if and when appropriate. The set ISO/IEC 29110 documents are (ISO 2011a):
• ISO/IEC TR 29110-1 (Overview) defines the business terms common to the VSE Profile Set of Documents. It introduces processes, lifecycle and standardization concepts, and the ISO/IEC 29110 series. It also introduces the characteristics and requirements of a VSE, and clarifies the rationale for VSE-specific profiles, documents, standards and guides (ISO 2011a).
• ISO/IEC 29110-2 (Framework and taxonomy) introduces the concepts for software engineering standardized profiles for VSEs, and defines the terms common to the VSE Profile Set of Documents. It establishes the logic behind the definition and application of standardized profiles. It specifies the elements common to all standardized profiles (structure, conformance, assessment) and introduces the taxonomy (catalogue) of ISO/IEC 29110 profiles (ISO 2011b).
• ISO/IEC TR 29110-3 (Assessment Guide) defines the process assessment guidelines and compliance requirements needed to meet the purpose of the defined VSE Profiles. ISO/IEC TR 29110-3 also contains information that can be useful to developers of assessment methods and assessment tools. ISO/IEC TR 29110-3 is addressed to people who have direct relation with the assessment process, e.g. the assessor and the sponsor of the assessment, who need guidance on ensuring that the requirements for performing an assessment have been met (ISO 2011c).
• ISO/IEC 29110-4-1 (Profile specifications) provides the specification for all the profiles of the Generic Profile Group. The Generic Profile Group is applicable to VSEs that do not develop critical software products. The profiles are based on subsets of appropriate standards elements. VSE Profiles apply and are targeted at authors/providers of guides and authors/providers of tools and other support material (ISO 2011d).
• ISO/IEC TR 29110-5-m-n (Management and engineering guide) provides an implementation management and engineering guide for the VSE Profile described in ISO/IEC 29110-4-m (ISO 2011e).
The ISO/IEC 29110 documents are targeted by audience as described in Table 3 .
ISO/IEC 29110
Title Target audience 
History leading to the approval of an ISO project to develop standards and guides for VSEs developing systems
A paper about the development of standards for VSEs developing software had been presented at the 2008 INCOSE conference (Laporte 2008) . This presentation triggered the idea, of members of the INCOSE Board of Directors, of setting up a working group to develop a set of standards and guides, for systems engineering VSEs, similar to the one developed for software VSEs.
A new working group was mandated in 2009, by INCOSE, to apply systems engineering to product development for small and very small entities. The working group, created in April 2009, co-chaired by the authors, is composed of INCOSE and AFIS members from Canada, France, Germany, and the US.
At the first meeting of the INCOSE working group, one of the co-authors proposed an approach similar to that developed by WG24, i.e. the conducting of a survey, the development of a set of requirements, the creation of profiles and deployment packages, and the conduct of pilot projects. The members of the working group agreed with this proposition. The initial goals of the working group were to (INCOSE 2009):
• Improve or make product development efficient by using systems engineering methodology, • Elaborate tailored practical guidance to apply to very small and medium-sized enterprises (VSMEs) in the context of the prime contractor or subcontractor of commercial products,
The initial set of deliverables was the following:
• Roadmaps and deployment packages (process, check list, templates, training support, coverage matrices with standards), 
The development of the Basic Profile for VSEs developing systems
The purpose of the Basic Systems Engineering (SE) Profile is to define a subset of processes and outcomes of ISO/IEC/IEEE 15288 (ISO 2008b) and products of ISO/IEC 15289 (ISO 2011h) for system development and project management for a VSE developing one project at a time. The Basic SE Profile will be designed to match the existing Basic Software Engineering profile of ISO/IEC 29110. The preparation of the Basic Systems Engineering profile followed these steps: a) At the first meeting of the INCOSE/AFIS working group, it was proposed that an approach similar to that developed by WG24, i.e. the conducting of a survey, the development of a set of requirements, the creation of profiles and deployment packages, and the conducting of pilot projects be used. The members of the working group agreed with this proposition. b) A survey was developed, translated in 5 languages and conducted. Unfortunately not many people responded to the survey. c) The working group decided to use ISO 15288 as the main reference for the SE standard and to use the INCOSE Handbook for the development of Deployment Packages to support the standards and guides. d) End 2010, a first draft of SE engineering and management guide was developed on the basis of the ISO 29110 basic profile. References to ISO 15288 were added. Applicable software tasks/deliverables on systems were kept (e.g. project management tasks), irrelevant software tasks/deliverables were excluded (e.g. detailed architecture). Specific system tasks/deliverables were added (e.g. Functional and physical architecture). New artifacts and participants were added (e.g. Stakeholder, System Engineer) e) At the 2011 International Workshop of INCOSE, held in Phoenix, the first draft of SE Basic profile engineering and management guide was reviewed by a group of systems engineers. They decided that this document could be easily used as a baseline to develop a similar profile in a future ISO standard, i.e. a Basic profile, for systems engineering. The participants discussed the project management and system implementation processes and decided to add few tasks and artifacts. f) The document produced at the workshop was then distributed for review by INCOSE and AFIS systems engineers. g) The comments were discussed and a new version of the document was produced, h) It was decided to table this document at the 2011 SC7 plenary meeting in order to seek support for the formal development of an International standard. i) A proposal to develop a new set of SE standards for VSEs was prepared, by one of the co-author, and tabled by Canada at the France meeting in May 2011 (ISO 2011f), j) The following resolution was unanimously approved at the 2011 SC7 plenary session in Paris (ISO 2011g):
• The scope of this work includes the current scope of ISO/IEC 15288, the associated guidance documents and other relevant SC7 Standards such as ISO/IEC 15289 and ISO/IEC 29110. The project will produce Standards and Technical Reports (Guides), similar to the ISO/IEC 29110 set of SW documents for the Generic profile group (i.e. for VSEs developing non critical system), which establishes a common framework for describing assessable system engineering life cycle profiles for Very Small Entities (VSEs).
• If and when the New Project is approved, JTC 1/SC 7 instructs its Secretariat to:
• Assign the project to Working Group 24 • Appoint as project editor: Mr. Claude Y. Laporte, subject to approval of the Canadian national body • The project will be coordinated with the IEEE Computer Society under the terms of the PSDO. It and INCOSE will participate as Category A Liaisons.
• This project will use the default timeframe, and start on Nov 7, 2011. k) In August 2011, the proposal as well as a draft SE Engineering and management guide for the Basic profile were circulated for approval to the members of SC7, l) In September 2011, the proposal to develop SE standards for VSEs has been accepted by twenty countries. Nine countries made a commitment to participate in the development of the new ISO Systems Engineering standard. m) In November 2011, the new delegates of WG24 met in Dublin (Ireland) to launch the official development of the SE standards and guides for VSEs. Delegates from Canada, Brazil, France, Japan, Thailand and INCOSE participated to the first meeting.
Description of the draft Engineering and Management Guide of the Systems Engineering Basic profile
In this section we provide a description of the draft project management and systems engineering processes of the future Engineering and Management guide (i.e. Part 5).
Overview of the project management and system implementation processes
The purpose of the Project Management (PM) process is to establish and carry out in a systematic way the tasks of the System Implementation (SY) process, which allows complying with the project's objectives in the expected quality, time and cost. The purpose of the SY process is the systematic performance of the analysis, design, construction, IntegrationVerification -Validation and Qualification (IVVQ) activities for new or modified system according to the specified requirements. Both processes are interrelated as illustrated in Figure 3 . It is to be noted that the proposed SE standard is not intended to dictate the use of different lifecycles such as: waterfall, iterative, incremental, evolutionary or agile.
Project Management Process
The purpose of the PM process is to establish and carry out in a systematic way the tasks of the system development project, which allows complying with the project's objectives in the expected quality, time and costs.
PM Process Objectives
The seven objectives of the PM process are (ISO 2012): To show the links between ISO 15288 and the objectives of the PM process we illustrate in figure 4 the outcomes of the project planning process and the measurement process used as objective 1 of the PM Process. Modifications to the PM process of the ISO 29110 SW engineering Basic Profile Very few modifications were made to the SW engineering Basic profile when developing the PM process of the SE Basic profile. To tasks PM1.2 and PM 2.4, the role of Customer was replaced by the role of an Acquirer and Stakeholders. Two new tasks were added: PM1.3, to define the system breakdown structure and PM. 1.11 to identify and document a disposal management approach. Identify and document risks in PM.1.10 was replaced by Identify and document a Risk Management Approach. The Version Control Strategy was replaced by Configuration Management Strategy in PM.1.12. Task PM.4.3 was added to the project closure Activity: Execute the Disposal Management Approach. Table 4 illustrates the format of the new and modified tasks described in the SE management and engineering guide.
Project Planning Process a)
Project plans are available; e)
Plans for the execution of the project are activated.
Measurement Process a)
The information needs of technical and management processes are identified [ISO/IEC 15288, 6.3.1, 6.3.7] 
System Implementation Process
The purpose of the System Implementation (SY) process is the systematic performance of the specification of system/sub-systems, analysis, design, construction, integration and verification/validation activities for new or modified system according to the specified requirements.
SY Process Objectives
The seven objectives of the SY process are (ISO 2012): 1. SY.O1. Tasks of the activities are performed through the accomplishment of the current Project Plan. 2. SY.O2. System requirements are defined, analyzed for correctness and testability, approved by the Acquirer, baselined and communicated. 3. SY.O3. The System architectural design is developed and baselined. It describes the System elements and internal and external interfaces of them. Consistency and traceability to system requirements are established. 4. SY.O4. System elements defined by the design are produced or acquired. Acceptance tests are defined and performed to verify the consistency with requirements and the design. Traceability to the requirements and design are established. 5. SY.O5. System elements are integrated. Defects encountered during integration are corrected and consistency and traceability to System Design are established.
SY.OA System configuration, that meets the Requirements Specification as agreed to
with the Acquirer and other stakeholders, which includes user, operation and maintenance documentations is integrated, baselined and stored at the Project Repository. Needs for changes to the System Configuration are detected and related change requests are initiated. 7. SY.O7. Verification and Validation Tasks of all required work products are performed using the defined criteria to achieve consistency among output and input products in each activity. Defects are identified, and corrected; records are stored in the Verification/Validation Results.
Modifications to the Software Implementation process of the ISO 29110 SW Basic Profile
Some significant changes were made to the software implementation (SI) process of the ISO 29110 basic profile: new system activities and tasks were added, irrelevant SW activities were suppressed, new system roles were defined. Also, new system documents were added as the result of the addition/modification to the tasks. We describe below the additions and modifications made to the SW Basic profile in order to develop a first version of the System Implementation (SY) process.
Modifications to Activity SI.2 -Software Requirements Engineering
First, this activity was renamed «SY.2 Systems Requirements Engineering». A task SY.2.2 was added for eliciting and analysing requirements, as needs in input are not always available or may be available but incomplete and inconsistent (due to the variety of the stakeholders). A new document "Stakeholders' Requirements Document" was added. In task SY.2.3, the concept of system requirements and external functions were added, in response to the Stakeholders' Requirements. New documents "System Requirements Document" and "Justification Documents" were added. The concept of decomposing Systems into sub-systems according to the architecture to produce Sub Systems Requirements was added in SY.2.4. Finally, a new document "Sub Systems Requirements Document" was added. 
SY.2.4 Elaborate Sub Systems Design Requirements
In parallel of the functional and physical architectural design, define or update the requirements that specify the sub-systems/system elements. Note: Sub-systems requirements become needs and expectations in the input of the sub-system implementation.
Define or update traceability between sub-system requirements and system requirements according to the data model defined in SY1.3.
Generate or update the System Requirements Document (*Optional, not applicable if the system is a low level element that is not decomposed in the system anymore)
System Requirements Document Sub Systems Requirements Document Traceability Record
Table 5 System Requirements engineering tasks added of modified (ISO 2012) Modifications to Activity SI.3 -Software Architecture and Detailed Design
This activity was renamed « SY.3 System Functional and Physical Architectural Design ». Major changes were also made in this activity. In SY.3.3 the concept of Functional Architecture that includes internal functions and interfaces was added. The concept of trade-offs was introduced. In SY.3.4 the concept of Physical Architecture with allocation of functional artefacts and tradeoffs were added. The Test Cases and Test Procedures from software were replaced in SY.3.6 to SY.3.9 by IVVQ plans and Verification procedures. 
Modifications to Activity SI.4 -Software Construction
This activity was renamed « SY.4 Software Construction ». For this activity, the VSE is requested to refer to ISO/IEC TR 29110-5-1-2 management and engineering guide (ISO 2011e).
Addition of Activity SY.5 -Physical Construction
This activity, illustrated in Table 7 , has been added to the software Basic profile. The Physical Construction activity develops the physical components of the system from the System Design. The activity provides:
• Work Team review of the Project Plan to determine task assignment.
• Work Team review of the Physical Design.
• Physical Components to be developed and tested.
• Traceability between Physical Construction and Physical Architecture, Modifications to Activity SI.
Role
-Software Integration and Tests
This activity was renamed « SY.6 System Integration, Verification and Validation ». To this activity, Integration Verification, Validation and Qualification (IVVQ) plans and procedures were added to 4 tasks of the Software Basic Profile. Validation and Validation concepts were distinguished in SY.6.4 and SY.6.5 according to SE Handbook definitions. In SY.6.6 the process of problem analysis has been added since it was not defined in the software activity. 
Modifications to Activity SY.6 -Product Delivery
This activity was renamed « SY.7 Product Delivery ». For this activity System training documentation was added in SY.7.4 to SY.7.6 to prepare transition to the operational use of the products. Table 9 . Product Delivery task modified (ISO 2012) Figure 6 shows the flow of information between the System Implementation Process activities including the most relevant work products and their relationship. 
Roles for Systems Engineering and Management
New roles were defined, the Analyst was replaced by a System Engineer. The Customer was replaced by the Acquirer and the Stakeholders. The Programmer was replaced by a Developer. A new role was also defined: the IVVQ Engineer. 
Deployment Packages
The last step of the approach consisted of defining guidelines explaining in more detail the processes defined in the profiles. These guidelines will be freely accessible to VSEs on the internet as a collection of deployment packages. A deployment package (DP) is a set of artefacts developed to facilitate the implementation of a set of practices of the selected framework in a VSE (Laporte 2009 Figure 7 illustrates the proposed set of SE Deployment Packages for the Basic Profile which will be available, at no cost, on the Internet. With the development of a SE set of standards and guides, WG24 will review the existing ISO 29110 part 1 (Overview), part 2 (Framework and taxonomy), part 3 (Assessment guide) to broaden the scope from software engineering to systems engineering, therefore limiting the number of documents and the maintenance of these documents. It is expected that there will be separate Part 4 (Profile specifications) and Part 5 (Engineering and management guide) for With regard to future work, WG24 plans to invite VSEs to participate in field trials. Since a few WG24 delegates are already working closely with VSEs, they will play a key role in coordinating the trials. These trials will help to validate the approach and obtain feedback in order to improve the documents before they go to ISO publication. Profiles and guides will also be circulated by ISO for review and ballot in 2012. WG24 is planning to produce a Final Draft of the SE Basic Profile Engineering and Management Guide in late 2012 or early 2013. Publication by the ISO/IEC is scheduled for 2013. Once published, a request will be sent to ISO to translate them into French and Spanish. Similar to the existing set of ISO/IEC 29110 SW technical reports, the new versions of Part 1, Part 3 as well as Part 5 should also be made available at no cost on this ISO site: http://standards.iso.org/ittf/PubliclyAvailableStandards/index.html Deployment packages, to support the future SE standard, are developed by members of INCOSE and will be made available to VSEs on public Web sites. The deployment packages will be heavily based on the INCOSE Handbook.
Once the ISO/IEC 29110 Entry profile for software is ready for publication, WG24 will start the development of an Entry profile for systems engineering. Similarly, once the ISO/IEC 29110 Intermediate and Advanced profiles are ready, WG24 should develop two matching systems engineering profiles for VSEs.
Since many VSEs developing systems are also involved in the development of critical systems, WG24 will conduct an analysis to determine if a set of systems/software engineering standards for VSEs developing critical systems should be developed.
Additional Information. The following Web site provides more information, as well as articles by WG24 members and deployment packages for software and systems engineering:
• http://profs.logti.etsmtl.ca/claporte/English/VSE/index.html
